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ABSTRACT

This work describes and  i)lustrates ' a  methodo)eqy

for aeterminina command, ‘control, and tommunications

-

~(C3) requirements for remdt%lyi"oilofed aquré?f“” (RPA).
N The effort has bean reiéfiqféd  to'aibebnilpiagfqpmi.knd » R
the invesrigé{ion of the foiléwiﬁo‘ issu?s: i mq%ﬁed'@Veféus“ |
unmanned aircraft? unmanned aircraft:fes' weapon deliveiy
olatform? unmanned aYPCréft as RECONIDESIGNA%ION platform;
C3 reauirements for unmanned aircraft; and unmanned aircraf}
system cost effectiveness.

Warsaw Pact forces will he led and employed according to

Soviet coerational doctrine which <calls for 6ffensive

onerations with highly mobile, naeeply echeloned, and

numerically superior land forces, suoported by air and sea
power. This massive enemy threat indicates a requirement .

that the maximum number of forces he detected, identified,

and destroyed prior to engaaina frien&\v farc;s{i
Destruction of enemy forces can be accomplished with1 
artillery, attack helicopters, and close air support, ff
those tarqgets can he identified and located with sufficient ‘ .g\ﬁ

accuracy for timely targetina. T
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CHAPTER T. IMIRODUCTIONM

This work: cdescrihbes and illustrates a methodology
tor determining . command, control, and communications
(C3) rgqyireménfs for remotely  piloted aircraft (RPA),
The effort has heen restricted to airearme platforms and

the investigation of the folloawing issyes!?

l. Manned versus Unmmanned Aircra*t

2. »Unmaﬁngb Aircraft as Meaoon Delivery Platform
3. Unmanned Aircraft as RECON/DESIGNATION Plattorm

4. G3 Reauirements for Unmanned Ajreraft

S.* Unmanned Aircraft System Cost Effectiveness

The initial portion of the article discusses some of
the factors contributinag to tﬁe current renewed
interest in unmanned aircraft as related to future combat
environments and the threat which may be involved at tne
initiatior. of hostilities. This is followed by an anmalysis
of the issues, a descriotion of a mecthodology for
.-determinina C3 requirements for unmanned aircraft and
finélly- by a Summary concerﬁigq the issue of system cost

eféectiveness.
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CHAPTER I, RACKGROLUND OF UNMANNED AIRCRAFT

ol

Nurtimng the nast few years the term "premotely

pilored vehicle" (RPV) has teen userd as a descriptor for

TETRETTTIRGE (SRA T TR vt .
> N

unmarned aircraftt which have a ruman operator that .

s

s v

mamitars and controls their missions, while the term

B O

"drone" has been used to aescribe unmanned afrcratt
whose missiant were crenrpogrammed. The critical feature i3
not whether rhese vehicles are classified as RPV or
drone simce such classifications are strictly dependent
on the fesjred mission rtasks; but rather that they are
unmanned, and thuya, may cost and ocerate differentlv than
their manned aircraft counteroarts. During the remainder :
of this article the term "unmanned aircraft" will be used in
a very aereral way to describe both RPV and drone type
aircraft which are unmanned and pverform either one=way or
t40o=way missions as remotelv riloted aircraft (RPA),
unlike nuclear wearons and intercontinental
hallistic missiles (ICRMs), unmanned ~ircraft are not a

sudden and dramatic techmical breakthrouah, They are a

itk a3 e

system whose time has come Dbecause of a fortunate
confluence of advarces in technology whick can orovide a .
new miltitary gystem capatle of matching the trends of

modern warfare, Maorman Auygustine, Under Secretary of the

ey

Arnyy described thege trends as a high rate oF

attrition in combat, vast Soviet numerical superiority in

-

it~ G-k
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weapons, ani the ¢ritical role of tactical and technica!
surnrise, (11,

Nhile the fama ot a televisionweauioped ragto=
controllea airclanme dates hack Ep 1924 {n & Hugo
Gernsceck magazine article (2), the actual ftirst use in
WNorla waer II han noor results., Technology was not
adequate to provide the overformance, accuracy, and
reliability needed for an effective RPL,

Vietnam saw extensive use ot Firebmee tarcet drones
tlyina orenroqrammeq reconnaissance missions, The
oerformance, reliability, and survivability of these
drones indicated that the RPA was practical. In the 1973
Arab=Israeli war, the imorovised use of RPA demonstrated
a rotential counter to the devastatinag carcability of

modern air defense systems. (3],

Unmanned aircraft can be assigned a wide variety
of missions, These can be considered in terms of
mission intent, [n the classical manner missions may be

A DRI I DIV ST TH Vg P N L L N e SR

viewed as heina aither strateqic or tactical im nature.

3 In either case the missions may or mav‘not include ordnance

é delivery,

d Mogern technroloay has enanled unmanned aircraft to
perform reconnmaissance., taraet designation, attack, and
electronic warfare missions. Wwhen used for reconnaissance

. and attack misgsions, tardet acauisition, atmospheric
research and laser desinnation. the RPA's wversatility in

size and performance make them an alternative to

A e

{ |
/i
;

?
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manned aifrcraft {m many situations.

There is a rather clear rivision of unmanned afircraft
into two Classes: hiaQh anq low=nerformance. High=
nverformance RPA  are adaotations or derivatives of present
suhsonic snd supersonic air tarqget drones, These RPA
can perfnfrm reconnaissance, tarqget dJesionation, tarqget
attack, and electronic warfare missions which in the past
have been the exclusive +damain of manmnned aircraft,

Hiah=oerformance RPL are a hiahly desirable alternative

to mannegd Atrcrafr wuhent

1+ the tacticel situation requires more aircraft than
are available (or cun be afforded) from the manned

aircrafr fleet;

2. the orobability 7 loss of the mission aircraft is

areater than can he accented; and/or

3. the migssion can e execyted hy RPA at a lower total

system cost than by a mannaed aircraft,

The low=performance, or "mini RPA" g a high
technoloay military version of the model airplane, While
the ultimate uses of this RPA remain to be
Aetermined, its marny possibhilities are excitina and
otfer ooovortunities to increase the comhat effectiveness

of ouwr ground, naval, and air force at a very modest

cost, (U}, NDepending uoon mission and corfizuration,

™\,
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mini=KPA = can oroyice an abundant, 'ow Cost alt2rnative to

'

Y0 fixed -and Fatasy wing aircratt for reconnaissance,
o 'tarqgl-i racauisition ang desianation, and electronic
. oH - - . ' - )
Ui, -wartare ogoerations, ln an attack mcde, as a kamikaze
"_’7 - o e

precision ouiaed munition, they may be used to

Sitsunplement o, reolace auided bomhs, air-to-surface and
U T A
v".l"e.'- NS

*~su¥faéoﬁt§°§b0face missiles, and cannon<-launched
. P T

{

o erajectiles. (5],
PRI Y
oo Theek fungamental factors have helped to focus
i i

RERK " .the interest now seen in tne possitle military use of the

-’

] N

}‘ ! "r‘._ e

wph - e Ml oRPa

i1 ST R VAR .

!Il BERAMSTR . 1

i';' A l“.-_<\“\":

' 1. The increasing lethality of anti-aircraft defenses. ‘

2. The orasant level of aircraft and eauipment costs.

3. Thra technnloaical advanmces of electronic ang

‘aviomie eauioment,

Tre POA offars the ootential for counteracting
snemy around=to=air defense systams while reducing

tnecrgornel losses,
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CHAPTER I1IT1. ANALYSTS OF THE ISSUES

The choices facina decision=makers concerning
weaoons systems that may helo shape the the roles that
U. S. forces olav in future confrontations are
comnlex and critical, Renardless of the final arsenal
assembled, at the time hgstiliriaes are initiatea, asoects of
comman+d, control, an3 comrunications (C3) will impact the
total caovabilitieg of the U, §, forges.

For example; in Eurooe, choices of this nature deoend on
an assessment not only cf costs, but also of the
military cacabilities of the allies and the wnarsew Pact.
Asgegsment of alliet capabilities is necessary because the
relationshio amona MATC forces in the Central Pegion is
such that a weakness in one sector of the front

could threaten the nefense of the entire front,

A, FIREPOWER IHREAT [N EURQOPE

Fireonwer and maneuver are two of the essential
elements of mocdern ground comhat, Although maneuver brings
firepower to besar on enemy taraets, it is the aoplication of
tireoower that destroys those taroets.

Direct fire arounda forces almost certainly can

deliver more sustaimend firepower and destroy enemy

12
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armored tarmations mores effectively than close air Suoport

forces of anual cnst. - However, around forces ‘sck the

capability of airrorne fireoower assets to cover long

distances ouickly, o meer an attack OF to carry the battle

to the enemy.

'

!

Firepower assets can also be defined in terms of

how AqQuickly they <can be btrouaht to bhear in the European

Central Renaicn. “Immediately availanle assets”" are those

attacheo to Active around anc  arr forces

Central Eurone. "Farly reinforcoments” can be dvescribed as

those around and arr units that can de sent to the

Central rejion in a few days or 3 week===for example, allied

ready resarve units tn Eurocoe, U. S. tactical air
squadrons based in tha Uniterd States, and airleted e S.
9round forces whose heavy eaquipment is 5fored in Europe.
“Later ~einforcements,” such as I, S. grourd forces

travelling by sea, are thosa that take weeks to comolete

the move to Euroce.

The UUnited States and its MATO allies appear to be at

a numerical aiszovantage {n  immediately available ground

force firenower weanong whenm compared to the Warsaw Pact.

located in

This anparent disparity may ke exaqqerated by differences
in the zuatity, doctrine, roles, and organization of
NATO amad Varsaw Pact forces. Whether the overall
halance is unfavorable or not, however, Warsaw Pact
forces could nossibly aqain a significant local
advantaae over NATO by massima fcr an attack, thus
13
..... ——— " X _ - e mma Powd = ~reon
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¢creatimg 3 need for auick reinforcements,
AlYthouan the Pact's imitial numerical advantage seems
to ne widely accected, factors other than nurbers of weapons
in wunits 2lso affect the balance of fireoower
capabilities bhetweer MNATQ ano the warsaw Pact. One such
factor i1s the auality anf arms, For example, not anlv do the
Soviets have rJre artillery, but several of their
wearcons have oreater ranaeps and rates of tire than Nﬂfb
artillery,.(hl, 0n the otner hand, almost all HNATQ
artitlery in Eurcoe 118 selfe-cropcelled and has some armor
platina, naking it less vulnerable to enery fire than
the bhulk of Soviet artillery, which lacks crew protection.,
Doctine also affects the firmoower baltance. The
Soviets empnhasize corducting offensive operations at the
ear)iest ooﬁsihle moment in the coaflict, and thev stress
achiéving fire suceriority over the enemy, Sovie:
doctrine for attainina this suneriority emphasizes massing
laraqe numhers »ft artillerv at the breakthrough poirt,
conducting a prolanaed, intense artillery barraae to
destroy enemy straonapoints and disrvpt enemy control and
reinforcement, and then attacking immediately with
tarks and motorizen infantry alona the path oreoared
by the artillery barraqge.(7]. This doctrine for
artillery fire and the less soohisticated Pact ammunition
make it necessary for the Pact to use large amounts of
artillery., These auns deliver an ensrmous volume of {ire on

1arce areas of the battlefield rather than on particular

14
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taraetsy,

MATO
using
rtardets
and letn
permit t
orolohqé
cattlefi

Sore
quided
defensiv
tankg===
ofttensiv
firecowe
solely o
consider

antitank

dactrine, on the other rand,
artillery to attack particular
that threaten groun forces. The suoeri
ality of NATO artillery wemaoons s
hese targets to be destroyed without
d, Aisruptive fire over large ar
eld.

tynces o¢ weapons===especially

emphas
battlet
or accu
exoected
emplo

eas oY

anti

{zes
iela
racy

to
ving

the

tank

munitions (TGMg)===gnpear oarticularly suited to

e onerations, while other weapons—=-especially

are ntten reqarded as most ef

fective

s maneyvers. Thus in assessing Soviet Ing

r cadabilitjes, it mav be mislead
r 4direct comoparisons of their tank
ina that the defensive advanrtages

rissiles may partially compensate

advantaues im nurtbers of tanks,

A
the orn
Pact's f
detend
Conseaue
directly
units o
through

gsecond e

fourth factor in the firepower
anization of fireocower assets.
irepower assets are o~ganized to
in a depth of twvo Oor three ranks or
Atly, only a nortion of the entir
enacaoed with enmemy forces at any one

f the first echelan have become

ing to
S, wit
of

tfor So

balance
The Wa
attack
"echelo
e force
time,

ineffec

for
NATO
rely
hout
NATO

viet

is
rsaw
or
ns."
is
wWhen

tive

combat losses, they are replaced by units from the

chelon. The second echelons take up
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until they, in turn, need reclacement. Units pulled back

to the rear are rebyilt anmd mane ready to rejoin the

Y

. tattle. This "unit reolacemeant" aporcach permits Warsaw

Pact forces to enacaae in continyous around combat while ’

U

attemptinag to maintain a fairly high favel of

effectiveness. :
In c¢ontrast, rather than pyllino entire ynits out of
the line, &I} areumn forces are expectesd to renlace

compat losses on an individual and continuous basise.

Thus, a sizeatle oortion of NATO's assets are
retained in maintenance and war reserve stocks.(8),

& fifeh important factor sffecting the firepower
balance is morilization time, The immediate numerical
balance of orincipal firepower assels is8 unfavorable to

. NATO. a short mohilization time would make the numerical
balamce even more unfavorable, since the Soviets can deoloy
forces over lana  from the Soviet Union faster than
the Unitad States can deoloy forces from MNarth America.
These factors of cuality. weapons mix,
aoctrine, oraanization and available mobilization time
clearlv affect tne bpalance of firepower capabhilities,
thouagh it is agifficult to assess their precise impacst. It
is clear tc the author, however, that conclusions about
NATO firenower <cacahilities based on numerical comparison§
of weapons in units should be aqualifieo to accouynt for

these factnrs,

Nevertheless, the availability of such extensive

16
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Narsaw _Pact around force firepower assets in Europe,
esoecially when gounlea with the emphasis ot Soviet
milirary  doctrine oan offensive operations (9), should
orompt concern. This concern s heightenred by the
possibility that a Pact attack on Western turope could

occur with very little warninaq, could be saimed at raoidly

overwhelming NATO Adetenses in a3 short, very intense
war, and coula te conducted initially with forces in
Easternm Eurooe, withcut reinforcements. These Narsaw

Pact forces orobably would mass aqainst relativeiy weak
ocints in NATO's Aefenses and c¢could achieve large
concentrations of force anywhere alona the East=lest
border. Thus, it is oossible that---whatever. the overall
balance===if MATO has little tima to mobriize, its fireocower
capabilities mav be inadeauate at the point of attack.

In addition *to fireoawer balance, it is necessary
to wunderstand the role of the manned aircraft i; the

Central Furooean scenario btefore the value ot the RPA

can be considered.

B. USE OF MANNFD AIRCRAFT

Airborne fireoower, with its ability to
concentrate auicklv, . may partly compensate for
defticiencies in around force firacower, depending on how
it is oraanizea and aocolied. Tt is clear to the author

that the allies anJd the United S*ates have different

17
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anoroacnes to the yse of airhorne firepower, althouah
it ig difficulr 5 say which acorcach {8 more effective.
Currently, the “~ATO allies have essentially no sneciali{zed
sttack nelicooter forces, They use multimission aircratft
for tirepower support of ground troops, while the
United States anpAars to increasingly deoend on
specialized aircraft for qrounag attack migsions.

The Eurooear MAT0O allies not only lack the number
and sonhisticated kinag of U, S, attack heliconter assets,
hut they alsd opossibly. plan to use the assets they do
nave differently, In conmtrast to the expected U, S.
oractice of attaching some arr-+d helicopnters to around force
divisions, the European a. .es anoear to oprefer to uce
the helicooters a3s a corps reserve force. The United States
would orohatly uso armed nelicopters to harass or
delay am attacking force or to reinforce a defensive
pogition from which around forces have heen transferred to
meet £ threat elsewhare, [t aowears to the author that the
allies woula orgfer to hold their helicopters in
reserve ann commit them only when an enemy breakthrough
could not be stoomed by around forces. Indeend, some
allies, notably the British, do. not believe in using
attack helicooters near the forward Jline of own trooos
(FLOT),.f100. Althouah the allied apnroach seems 0 pe in
keeping with the small size and light armament of their
current helicaonter forces, it woula apoear to reduce the

potential eftect nf these forces on the initial battle,

18
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where their fireoower may well he of createst value. :

The alliesg' close atre supoort cacabilities are
more extensive tharm their attack helicoote~ capabilities,
but the rationale Pehind their choice of weapons is
similtar. The Unfted States assets aopear to the autho to
be imcrmasinaly amphasi2inao the destruction of individual
tamks with aun and ayided migsgsile fire from slow=flying

aircratrt operatina from herind friendly forces. The allies,

by contrast, seam to have chosen not ro invest in
srecializerd aircraft for this tvpe of ¢ombat; they seem tg¢
prefer to seliver scatterable area-tyoe weapons at ver?
hiah sneeds and low altitudes at some distance behind unémy
Vines, overflying enamy forces ana defenses in the
process. Ia adgditiom, unlike the Unitead Srates, most aliies
do not stress the role of the Forwara Air Controller in
coordinatina air strikes with aq-ound force operations.
Thus, many of the allies lack both the nersonnel
and the oractice reauired for c¢close cooraination of air
strikes and aroun ‘orce operations. vhat the allies cal)
"¢close a‘ir suoprort,” the United States would consider
"pattlefield interdiction”"==~that is, disruptiﬁq enemy trooo
movements severa! kilometers beyond the FLOT, with little
coordimation between friendly air and around forces.

. In oractice, there are authors who hyrothesize that

these ~roctrinal and procedural differences between the

Unitea Srates and rhe NATO allies do not sianificantly

affect the conduect of military oneratians, Despite the
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spoarent orocedural aifterences, U, 8. close air suoport
aircratt coulda erobanly LY affectively used to
. reinforca alliad around forces, Seill, {f the United
States wishen to emphasize itg ability to orovide this kind
of flexible air support to the allies, it should strive to
better coordinate close air support orocedures and
doctrine, irn orner to ensure maximum C3 effectiveness of
Us Se. sunport.
Like the allies, *he Uniten States is
planning improvements in the cuality, rather than a dramatic¢
increase in the numher, of its artillery pieces. The u.

S. is oursuina its objective of imcreasing the range.

volume of fire, anda lethality of its artillery through 3
Aumber of nroarams, many o©of which dinvolve only small
. near=-term costs. These include fitting longer aun tubes to

existing 155 mm and eight inch howitzers;

1
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orocuring rocCket=assisted orojectilas fcr aqreater range;

sevelonina and oporaocuring imoroved conventional munitions

that scatter homhlets over wide areas; developing Jlaser=

quided artilliery shells that can accurately strike
tanks aAand other noint tarnets; and develoning imoroved
artillery=locarina radars and a computerized fire-

suonort coordination capabilicy. Finmally a3 a complement to
its cannon artillery, the United States is also

develoning the General Suonort Rocket System===3 multinle

rocket launcher carcahle of deliverina a high volume of fire

very rapidly. An accelerated develooment schedule mavy make
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tnis svetem availanlie hv the eariy 1980,

Tha inyted1 Srtates mrow has an  {inventory oOf MFerrOwe
nodied rrckete and macrine qunesrmen Cetra helicootars
which camarityte anm intearal part of t..e firabéwor of
a'most all U, S. Army divisions, Their sole ourpose i3
delivering ardnance on rattletiald tarQets. These
aircraft are inten~ed to tly close to the ground, using
terrain  3n1d vejatation to conceal trem from enemy view ana
attack, vith the agaistance of Szout helicoptors flying
with similar tactics, they locate engmy ground fnrce
tarqets and climp from their concealed nositions only long
enough to fire weapons at the target bafore descending
and movina An under cover,

The Aeremy {8 im the midst ot & oroQram to convert
slmost 700 existima Cobra helicopters tu carry eight TOW
ATGMg, and to orocure 305 identically equipped new
Caobras, (111}, This oro~ .a will provide U, S. forces with
3 hiohly mobile antitanik cavability, with the adgdition
of limite~n niahtevision capability, this antitank torce
will have an improved capability to fiaht in carkness,

There are two alleaed oroblems with the Cobra/TOW,
First, as a modiftied aircraft of the Vietnar era, it is
8ain to lack sufficient armor protection for a Eurococean
pattlefield. Secona, because the aircraft must emerqge from
cover for uu to 1S seconds in order to visually auide its

TOw misgile to the target, it is said to be vulneraole to

enemy detectinn and destruction, To alleviate those

21
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oratlems, tha dpemy {8 Adevelnning tnm  Advanced Attack
Haliconter (d2=), of which $36 are to re buflt betveen
. 1941 ana 1947, ar a cnst of 35.9 miilion esen. The total
cost of tnat orocram will pe about $d4.1 bpillion, The
Cobra/TO0n will camniemant this flagt.
fhe A4&M will nave aqreater armor orotaction and
redundant contrals to imorove {ts chamces of surviving §¢
hite Mest amoartantly, 1t wil) tire the Hellfire lagsere
quiden miggile, which follows a laser beame==directed
on & target ov 4 around observer, another aircraft, or by
the AAR  {tselfe=and strikes {ts enemy target accurately.
Winen the enemy tarqet {§ desianated by a qround observer or
another aircraft, the AAH will bte arle to fire the
missile from a completely concealea nasition, thus
reducina  its chances of rveing attacked by the enemy.
Cesoite these advantaqges, the 44H ig not without
orablems, The around laser designators are, of course,

vulneratle tn sunnressing ftire, and they may very we!) lack

adequate time o move into position {1f an attack
comes with littla warning. ihe Scout helicooters that
designate taraets for the AAH must exonse themselves

durina the entire migsile flight;? lacking armor orotection

or amfensive armament, they are as vulneranble o
agestruction as the AAR itself., The AAH can, of course,
desianate taraets for its own missiies without the
. assistance of Scout helicontars, but its resulting

exposure reduces the advantage of the HMHellfire missile,
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It ene Q4M {3 struck by one or twe hulletse==the kindg of
smalleparmy threat to aircreft exoerienced in Vietname
. ==fte arror woula orotect ir, The nost severe threats
to the atrack helicon.ar in Eurore are, howaver, the Soviet
renar-directea ISU 23 mm four~barrelled anti=sircraftt qum,

the Sd=7 nand=neln anti-aircraft missile, and SA=H gnd SA=9

AT TRy -—«—-,-,m-r--ww-wvzmmx__m

surface=to~air missilma, Tha 25U<23 delivers a very high

volure of tira; R the AAH4 19 struck by onme of its

velleys or by ona of the arti-aircratt missiles, the
helicooter will nroranly be destroyed.

Close air suorort aircraft constitute a secons type
of airborne tirenower assets., The U, S. detfines cloae
air sucoort as frhe aqelivery of afir weapons in close
coordination with around force movemants, which implies the

) presence of a Forward LAir Comtr .ler for coordination. a
Nhile the liniteg States currently merforms close air susoort
with d=7D artack aircraft, suoolenented by Fe=ds and all- i

weather cansble F=l1]l tiahter-bomher aircraft as neeged and

availavle, rhe Air Farce is intraoducing an aircraft

desianed solely for close air subpArt===the A=10, The A=10

is gesiane2 to be a simpole ruaced aircraft wite a large
weabons capacity anAd antitank caocability, It carries »
30 mm camnon, which tfireas armorepiercing ammynition

At a3 verv high rate, and as many as six “averick quided
missiles, Hecause ot its large size and slow speed, the
aircratt €3an bnest survive combat by avoiding enemy air

defenseg, lts orimary tactice is therefore to fly

2}
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low behinAd friemaly forces, "oopoina uo" only long enou@h to
qtrike am enany taragat with the Qun or 2 miggile, Descite
some vulmeranilities, the Army ana the Air Force belimve
that the d=10 can survive cnmpat ¢ it uses appropriate
ractics and is assisten by other aircraft that attack enemy
aipr defernses,

The yse aof U. S at*ack helicoprers to supplemnent
allied firenower cacakhilities wouls also raise
conraginatinn  oroclaems, e S attack helicontars
currantly ooerate as an extension of, and in close
enardination with, around forces. The difficulties of

achieavina close coordination between U, 3. helicopters and

allieg around forces would be exacerbated by the
lamnauaae ard procedural differences of the other NATO
forces.,

The orincioal constraints on the utility of the A=10

in Europe are its lack of a niaht and adverse=
weather capahility, the limited Aaumber of aiccraft
olanned for Adecloyrent to Furope and 2 shortane ot

aircraft shelters larme enough to accommodate the A=1C.
These caonstraints tecome siagnificant when considered in
lioht nf the Pact's ability to chnose the time and
weather in which to attack. If there were little warning of
attack, NAT) wsoulo need more aerial antitank firepower. than

in a lomaer warnino scenario.

The use ot U. S. aircraft to delay enemy attacks
on allied forces and to Jestroy enemy tanks and
24
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sarmored venicles could hele the allies hold their
detensive Dpositions until ground force reinforcements could
e ghittad fraom other sectors of the Central Fromt or
shipved fram the Unjted States.

fhe orincioal disadvantage of this ootion is that,
while manne4 aircraft c¢can supclement aground forces, they
cannot subgtitute for them: they carn neither deliver a

.
sustainad volume of fire equivalent te qrourd forces of
eaual cost nor rold or take territory. Those factors make
the kinn of clonse air suooort reinforcement described
here a temporary rather than a long-term substitute for
aqroun.. forces.

The analysis of the manned versus unmanned aircraft
issue underscores the oreviously dissussed problems
reiated to aerial tactical warfare while atrempting to
Show £hat remotely piloted aircraft (RFa) could
oossibly be a desirable alternative to manned aircraft

when the tactical situation reauires more aircraft than are

available (nr can be afforded) in the manmed aifcraft
fleet: ‘he orobatility of loss of the mission aircraft anc
oilot is aqreater than carn te _accepted; and/or the

missior can he executed at 2 lower total system cost than by
a manned aircraft,

Throyah the vyears, manned military aircraf? have
steadily arewn in ‘como¥exity and cost. A major factor
contributing to ctoth comolevity and cost is the reed for

providino the oilnt with comporehensive information
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anr cersonasl orotection, In fact, carrying the human
onerator onboerd comcounds the "costs" in that it limits the
aircraft's maneuvaerahilitv, Pitets are valuable
personnel . it has bhecome in¢reasingly impo-~tant on
militarv, economic, an¢ oolitical érounds to orotect
their 1lives and orevent their caoture. Ever though cnee=way
tactical migsians would often bhe of value, they are

unassianakrle 1in terms of the hinn cost of pilot excerience

to sav nothing of the value of the human life in

our
cultural context,.

meapon systems can he fully automated $0 that

once releasedq they perform as programmed, However,

intelligence svstems are not perfect, anmd it is difficult
to anticicate the exigencies which may be encountered
AUring a mission, Wwith qgreater destructive power comes
greater resconsibility for maintaining human control
over the weaoon until the moment cf its final disposition.
The value of uweaoonry is great!y enhanced by including
hurmarn intelliaence in the operational syatem. The wuse of
RPA allecws the human operataor to be in a pesition to

monitor or assume direct control, yet be removed from the

weaoon olatform,

Thinking alona these lines, one may ask the
followina Auestinng: If we ~ust or want to use an air
venicle, why must we also have a human coerator in it? How
much of the time, (i.@er during what fraction of a

comhat sartie), is the human operator ieally needed? The

26
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onhoard oilat is only needed when the operator
has tc "see" apmethina===rjigcriminate and decide,

A arowing oroolem in tactical warfare ooerations (and,
the author suspects that anraloqous ones exist for other
kinds of onerations) the improvement of accuracy in
oranance aelivery in the face of imorovements to
enhery air defénses. while decreasing costs and air=crew
losses?

The essence of the solution, i.e., reducing the loss of

mamned aircraft an:) crews, is the real=time utilization
ot man's irherent canabilityes ct diserimination and
decrsion by means which ltet the operator stay remote

from the actue! firina zone. The RPA should be thought of
as a ouidénCe and contrci system, It is a guidance
capahility oprovidina for substantial res'~time tactical
decision=making essentially as'oresently done bty pilots in
manned aircraft. - That is what 1{is meant by “Piloted”™ in
"RPA" RPA can be. twOo=way or one~way vehicles.
They can carry «afheads or ounly reconnaissance (RECCE)
or c¢cmmynicationrs aear, Thevy are not necessarily dronese-

-which may or may not be remotely controlled, but are

not remotely oiloted, The RPA s a standoff quidance
svstenm, [v orovioes the capability ang the opportunity to
oreserve an4 exploit the operator's uniaque real=time

abilities without requirira  that the operator be exoosed

to the most lathal envircnments of tactical aerial
warfare, That is8 what {8 meant by "man=imn=the<=looo.”
27
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In comparisenm with manned aircraftt, rtactical RPA coffer

the following cotenrial advantages?

oA

1. operate much closer to the tarqet bhecause

of redyced size angd risk to the operators

2. presert 3 smaller taraet to defending

antiaircrafr arrillery (L£AA) and

B e o R 1D - St - A

surface~to=3ir missiles (SAg);

3. delay weaoon release until the, are very

close to and very sure of the desired target;

4, do not risk oilor loss.,

in aeneral, the RPA can find orofitable
avplication wherever enemy air defenses Csn be expected to
exact high lass rates; whenever the attacker cannot
afford to miss an aim point; whenever the target or target
complex Adoes not reauyire a laraoe weight of oardnance
over a large area; whemaver tne human body cannot tolerate
prescribes maneuvers or endure other flight conditions.,
and whenever human discrimination, judament, and decision
mugt enter the lethsal environments of an area defended

by modern anti=air weaoons.(12).

C. ANALYSIS. OF UNMANNED AJRCRAFT AS WEAPON DFLIVERY PLATFORM
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Survivability of fixed and rotary-winag aircraft, both
as individual mission aircratt gnd as csgsential
araanizational! components of a modern integrated air-~
ground force, is a critical issue today. .For the past
decade the ability of arouna air=defense systems to

shoot down aircraft nas been increagsing at a greater rate

than has the survival ability of manmned aircraft, Unless
this tremd is reversed, tactical air and airemobile forces
will mno longer be able to make a mejor and sustained

contribution to winnina the battlie on the ground,
As individyal aircraft, RPA have a higher probability

of survivina a combat mission than do larger, manned

aircraft. 11} "observable sianatures”"=radar, infrared,
visual, and 3urale==3re much lower for RPA than for
manned aircraft suitable tor the same tactical

missions. [(13).

In the case of mini RPPA, these 3ignatures, as seen by
the hostila deferse, aperoach the vanishing point., RPA
oresent a much smaller vulnerahble taraet to be hit by an
imoact munitinn or the fragments of a proximity=fused
munition===a major gain in aircraft survivability.

This RPA survivability, if combhineaq with very
larce numbhers of them, could aive the air unit commander
freedom to unaosrtake missions considered desirable or

essential »ut too hazardous to risk a manmned aircraft. It

is inevitanle that a hiah and sustained atteition
rate will have a nagative {nfluence on the operational
29
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decisions of the commancar of a manned afrcraft

unit.
In an affort to oreserve gasgsioned forces, when the
. - commanier has anv choice on which tarcets to attack

with manned aircratt, that commander will favor those with

s lower attrition rate even if of lesser value; ar
wil) adoot migsion=execution modes which will reduce
the unit's attrition rate although the effectivenass of %

tve migsion may suffer,

with only a limited numher of costly and (at least in

[P OSERE FEC P TR

the near ternr) irreplaceabhle 2ircraft and pilots,
oparational caution will be a powerful factor in 3
commander's decisions. The Israelis have already faced

mdun oaar imasat Ao

this issue. Their former Chief of Staff, David €Elazar,
has stated that close air suoport has been dropored as an air
mission because it has hecome too constly for the results

achieved, [14],

i it e e oo i g e

Tactical utilization of RP4& could include striks
missions conducted in close supoort of shio or ground
forces. The tarcets will possibly be well known in

pnsition, highly protected and of high value. Here, the

RPA may become the weaocon, by carrving ordnance directly

onto the tarqget, and be wused to destroy SAM gites,

bridaes, individual shipos, factories, ano so forth,
. flrernatively, the RPA eould be usegd for delivering
ordnance with 3 recovery maneuver 80 83 to decrease the
weacon system cost throuah re-~use, or serve as a target

desianator for weaoons to b delivered from other

30
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atrcraft ar other RPA., In aenersl, the taraeting should
be sufficiently specific so that the enroute route ophase
can bhe mrenlanned using the latest intelligence and nerhans
programed imnto the aytooilot.

Low altitude strike missions may also include the
problam of findima and ~estroyinag tarqgets of
ooportyunity. Interdictive strike missions may be wused to

genv moOvement ofFf reSt to the anemy throuqh intermjttent

strikes at Stacirag aress, key road junctions, rail
marshal ling vards, and so forth. The intent of such
qgeneral harassment migsions might te to del)iver
proratanda leaflets; bpioloaical/chemical warfare

weaoons; chaff; jammers? to olace sensors and/or mines or
other conventional ordmance; or simply to cause
activarion of air defense systems,

RPA could oossibly be flown in seauence and/or
formation in such a way as to reveal and deplete the

anemy's defense zaoability, A second strike force of manned

aircraft could opossibly be timed to appeal just when the
enemy's responsive canmability has been temporarily
exhausted, RPA may be used in spoofing; that is., to

simulate a bomber or other type of aircraft through the wuse
of an aooraonriate transponder or radar cross-saction
reflectors, Used in force, remotely oiloted aircratt may
simulate am air umbralla over an imaginary fleet of shios,
thus confusing enemy recomnaissance; or fly over enemy

territory in wavs 80 as to misleag the enemy commander as to

31




the actusl direction of the attack,
1t tactical air and air=mobile forces are to carry
. out theijr Adoctrinal missions, the effectiveness of
hostile around=to~-air detenses myst be reduced through

intenge, istained, lethal, and nonlethal airedefensae~

suppression onerations, At the present, the United
States' primary means are attacks launched from manned

atrcraft, TInis mission nelibherately oits frienaly manned

avrcraft agairst tha enemy system designed to shoot
them down, ich nistorically results in nigh attrition
rates.

The RPA offers the potential of becoming the 1{instrument
to challenae ar possibly defeat an opDOSING enemy air

defense system, PA coulca be built in large Quantities: and

ocerated in larqge numbers in the enemy's airspace 8o as to

- afiih.

force the enemy air adefense systems into a higher
level of electromaanetic radiation and shcotina. This
could cause an increased expenditure of munitions by the
enery air defense units and reveal their positions, thus
subjecting them to attacCk. q

Such a deliberate and intense confrontation between

RPA and hostile air defenses should Quickly reduce the

number and efftectivenmass of emnemy air defense wunits and
' make the surviving defenders aun=shy, thus permitting both
manmned and RP4 to exvcute their Oother combat missions

with areater freedom of action, in a more effective way:

and with lower attrition rates,
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PLATFORM

To successfully defeat the anremy, the commander of
togday must bs able ro recoanize enemy intentions and take

positive action at the earliest possible time,

Sanior

commanders Tust:

. see the hattlefiela

2. direct the ntelliaoence effort,

3., ndeveluyp a conceot of onfrations.

4, allocate assets.,

S. sustain the forces, ana

6, olan and execute centralized ooérationg for

effective C3 that will interface the appropriate

bpattlefield systems,

It is not by coimcidence that "seeinq" the battlefield
is listed first, Only by "seeino" the battlefield to the

deoth necessary to i{dentifv ang track the movement of the

enemy sncond= anag thiprd=~echalon forces can the ccmmanders

perform the other functions expected of them, especially at

the rinht time and olace, The reauirement tor the

commanders to "see" the hattlefield has resvited in an

fneregse in the amouyunt of information required by the
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commander end the ormanic staff,

ine of the major reauirereants for o tartical command
and contro! (C7) system is the availability of
accurate, real=timpg oosition information on friendly
personnel, vehicles, ard aircra}t. This s especially
true when operatina during the hours of darkness and in
those ocarts ot the world that are dJdevoid of prominent
tarcrgin feailures, The PPA could possibly orovide a
means of c¢ollectina, transmitting and/or retransmitting
vital imfarmation to organic staff elemants su that data
and information can be orovided to the appropriate
commander in sufficient time to &llow decisiens to be
rendereq that coulda gsianificantly influence the combat
gsituation At some point in the future,

RPA mav be assianed to surveillance missions o
cover carticular battlefields or areas of ocean, They may
provide early warning anainst land, sea, or afir attacks,
moritor an3 ftrack enemy movements, Serve to identify any

modification of enemy held terrain throuah use ot repetitive

video recording or photoqgraphy in the visual range,
infrared, ultravinlet, or combination thereof or through the
use of moving tarqget indicatimg (MTI) radar, Search

arnd rescue missinns minht henefit from the use of RPA,
Here,for example the RFA might be used to Arop an encoded
transoecnder, critical supnlies, or even to provide urgently
required detensive mareriels such as ammunition and

anti-oersonne| mines after detecting and locating a
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surroundea around unit,

Tre RPA may nroviae unmanned tarqet
acauisition, recomnaiasance, and adjustment of artillery
fires, as well as taraet dJesiqgnation and damage
asses3ment forward of the line of contact im support of
combat elarentg, Decandino on the tactical situation and
tha orinrities estahlished by supoortead commanders, the RPA
system could ke used to 2mnhance the gelivery of cannon and
aeneral sunnort rocket fires for close suoport, counterfire,
suonression of enemy air nefense (SEAD) and area
denial utilizino scattarable mines, In addition the RPA may
also be useq to orovide data to division artillery for
the wuo‘date durina or following nuclear exchanges on the
battlefieln,

The RP A as a raconnaissaAce and
tarqet acquisition/designation system will cue, be cued
ov., and comclemnent other target .acquisition,
reconnaissance and surve:llance systems, to include manned
aircraftr, Inagery from the PPA gensor system should
orovide sufficient resolution to detect, classify,
recognize, and locate hostile fjeld artillery and air
Jefense weaoons (to include those with nuclear delivery
capatility), wheeled or tracked vehicles, cersonnel
comorising olatonn or laraer sized units, structures and
terrain cAapable of c¢containing command posts, supply
noints; to make Jamage assessments; and to update the

nuclear tarqets,
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Sovist exclaoitation of their own
technoloaical develooments ~as oroduced increasingly strong
forward nattlae area surfacaetoe=ainr detenses and, at

the sAame time, gtrenathenay the neea for U. S. combat

suppoft to help offset the magsive enemy ground force

fire oower ootential, The enemy tactical asir detense
system, wunless countered, will seriously decrease the
caoability of air forces tn provide the reauired tire

supoort to frienaly grouno forces. Presumably, the latter
corgition 1s a acal indicative of the enemy's corncern for
the affect of that fire power aon their own forces. Three
onssihle resnonses to permit delivery of fire suoport in the
face of highly eftective, mobile, and prolifersted aip

defenses are to emplov standotf weaoons to alleviate the

need for oenatration i{in oroviging aerial fire support:;
reduce the air detense effectiveness (decoys, jamming,
harassnent, etc.)s: or destroy the defenses. To

successtully deliver weacons aoainst qround taragets (by
whatever TRans~==ranred atrcraft, wPA, or standoft
migsiles), it s necessary to Aaccomplish a variety of
suppnrting functions such as reconnaissances surveillance,
tarnet develooment, identification, and acauisitiocn, laser
designation for Auicded wespons, fire adjustmert, znd strike
controt . (15].,

This Aiverse set of missinang can be satisfied by
a relatively smal} number of fumctiaonal

capabhilitims: orservation of the area or item of
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FERA. an aopronriate sensor (i, e.) ONe that

interast
aamn nrovide tne kind and auality o oqats reqQuired oy the
mission), jsrtermination of tarqget cositicm, and provision

of a maans of fire contral and adjustment, The berefits

from aoplyina the human's memoryv, reasoning, angd

decisinnemaking ¢cacacity 1in these oprocesses is clear,

In atrtemoting to pravide these ~apshilities, there are

atlvamrtanes ta he qgained in oceratimg from an elevated

clatform close ta the objective area, with whatever

soecific cavapilities miaht be reqQuired to accomolish

the tasx. fhis means emploving an aporooriate set of

vehicles and ocoerational ¢oncents that satigfies the misgsion

requirements within tolerable cost bounds., The
Aayvelocing imaqge of the techneloaically advanced
battlefield==larqge nurhers of mohile, hard target elements
that muyst be locaten precisely and struck

accuratelye==camhinal with the envirnnmental constraints of

noor w#eather 3nd  raunh terrain inadicats that a low, slow,

maneyverable olatform is prefearred.ll6]. The i{increasingly

hostile environment over amd beyond the FLOT caused by the

arowing surface=-to=air defense system effectiveness makes

the use of manmned aircraft systems in this role extremely

axpensive in poth personnel losses and dollar cost.

The emnplayment of RPA systems tor combat

area surveillance, target acauisition, and strike control

aqainst vattiefieln tarnets such as aAarmor,

artilliery, amna around=to=air defenses could helo to
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oftteet tha serinus threat resultina from the incorporation
of advanced technoloav ny the enery, For these
aoco'licationsg, the motivatinn tor considaring RPA

sygtams derives from the @ever=witdenina Qaoc between the
tirepower of the marsaw Pact aroung forces and that of
the NATNH teten-ars, coupled with the strenaqthening
orotective Jrounog~=to=air shield coverina the Pact armored
sssault forces, Consequently, in this context, the
introduction of PPA systems should e viewed as 3
conolement anmd supolement to manned surveillance (f.e./
tforward air controller) and strike aircraft in a total force
context, And as a heaqQe to cover those situations that will
require tne Air Force to orovide vital suyoporting fires to
around torces, even though the use of conventicrnal manned
aircraft mignt lead to arievous losses,

Mamy mission fumctionmns, if they are to be performed
by wunmanned aircraft at all, require transmission of data
in real= (or naar=real=) time over a data link from the
venicle fo a remote contrnl station. Thus, a new
ootential vulnerakility (the data link itselt) is
aaded to the tactical! air-around strike system, This
oroblem is cne of a considerably different character than
has bkeen faced tefore by tactical strike force planners and
operators., I~ this sense, the succecsful operation of
the data Jlink is not a militarily useful end product in
and of itself. Presumably, however, 3 functioning data link

is a requisite corponent of the KRPA system, Thus, it would

38
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seem aporopriate to measure thg imnpact of the performance of
the data link (i.e., the resulitant of the {nteraction of
the enemy jarmnina effort and the level! of ‘jam resistance

built into the link) in terms of the extent <o which the

s

aosl of the complete system or forece has been met. In the
case of a aata link in a target surveillance and
designation RPA, as described oreviously, the deqradation
due to enemv jamminn (o conversely, rhe\Fem»dial value of
enhanced jam resistance) could be measured in terms of the

chanae in the nurper nof tarqets detected and destroyed, or

R i L i 2 B ERAND i o b i -

the movement in the line of contact of the ground fcrces
beino supported, for example, The key concept: provide

orly enough jam resistance to make the enemy's jamming

system sufficiently complex and costly so that other uses of

! . his defense hudoet apoear more attractive.
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CHAPTFR [V, C3§ PENUIRFMENTS FOR UNMANMED AIRCRAFT

Agssegssina the performance of an unmanned aircraft
C3 system in a wide ranae of combat environmen!s 8
Aifffcult, This is due, in part to the fact that there
is no cereral systemg theory which 1s directly appolicable
to military commancdecontrol, the fact of tne complaxity of
the military oraanization, and the fact that a military
command sysStem rust m3nage in Cceacetime and command
in comba?, T», addition, there ig the lack of definition
of what elewent; shoulsd be tncliuded ] a
consideration of a “commaNd°contro!~communicatidns
sygtem" for unmanned aircraft, For examples?
shoyld intelligence sensors be included or just the
informaticn flow produced by these sensors? Mychr of

tne Jdifficulty ariges from the lack of an aoproach to

evaluatina staff oraanization and its operation; the
effect ot style of ooeration; the role of
commandecontrol imn tactical doctrine’ and the impact
of military, colitical and social traditiona. There i3

also the oroblem of evaluating the contribution which
the rcommand=ccntrol process in {tself . makes to the
overall coeration ot military forces, It is amn essential
element of military onerations, just as tne logistics,
trainina, ano weapons capability are, (2 also includes the

tunctioning of the commander as that individual formulates
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decigsiors which will cauce cthar elements ot the military
torce to operform 8 milirary operation,

| To win nodern w>rs, the commnandger must be not only a
sound military stratenist and tactician, but also part
enaineer, scieatist, 6svcholoqist and logistician,
Tragitionally, the commander's msin focus haz been the
enemy, It is hecominag imoortant that the commander

Airect the same effnrts toward organic command, control.,

and communications (C3) systems. The purcose of C3 is to

serve the cormander, Made up as it is of less=thane

oerfect machines, peonle, warfare communities, and technica!l

gisciolines, today's €3 reauires the commander's .
detailed wunderstanding if it is indeed to serve and not :
) hamper operations. é
. €3 has been 3 critical ingredient in warfare é

since oraanized forces first joined inm Dbattle against

.

PORNUSI N P

Q other araanized forces. It socn became apparent that i
' the sire ahich cnuld comrmand, control, and p
i

commrunicate most - effectively possessed a critical

advantaze, In viorlid vwars I and 11, the great land Dbattles,
gome c¢coverina an entire natiorm, _and naval engagements
encompassing millions of s8sAauare miles of ocean provided
inaunerable examoles of the increasing importance of C3
and the devastatinn eftects of its absence. Adding the
-y dimensions' of air and wundersea onerations to warfare
\ only serves to emohasize anc further complicate C3

requirements,
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Morarn technoloqy has orovided the means for rapid

and sacure tranamission of massive Quantities of datea

L e R g 2o

i

and commuynications imformation to and from as well as within

e

the battliefield ares, As with any new asset, modern
technolooical (3 reauires fiﬁe. tuninag to emphasize its
strenaths and avoid pitfalls in fts utilization,

A ginple view of the U, S. detfense posture is tﬁat

it invalves three nacessary functions!?

1« Surveillance for the purprose of agssessing the

’
»,
¢ cacabilities ana status nf enemy forces:
:

: } 2. U, S. forces ability to react apuropristely to

: various levels of threat, and

3
: E . 3. Command and Control (C2) that 1integrates the
Z :
' ¥ . . . .
L surveillance and reaction functions and orovides
E
e
% l for unifiea defense forces.

Altnough tmere are other asoects of C¢ than this

i oA ik g Riah

simole view incicates, it is safe to conclude that the U.

f S. ce capability deocends sjgnificantly on the
i availability of fnformation. Mithout wvital information

in resconse to 8 crigsis or threat, the nation would be

é ) unable to Aefend itself adeauately. Accoradingly, a

| . major consigeration for determining requirements of
command, control, and cammunications (C3) for unmanned

aircraft systems should be to insure that the Essential
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(EET)

new, ‘Aegcorading to JCS

PUR 1,

items of information reqgarding

environmenrt

gsianificance
to datermine (3 EERI
The oroblem of determinina who
the

and imolication of

unmanred aircraft C3

- o——

atrention at all echelons of

- paTT .
I

andresse’.

E been modeled and studied

reconstruction and analysis of crisi

other hand,
oceacetime conditions as well
. gener3dl war or nuclear war ' is
attention.

A orerequigsite to etfective

the

availapility of vrecise,

a3

Elements of Information
making are kmown and are
R Tha term "eggantia) elemants of

necessary

macie exolicit,

"EET

the

looical

relate with other available information
in orjer to assist in reachina a
This oportion of the thesis attempts

needs
determining
is a orimary concern.

from

. qettina essential infornation
another is a different and signiticant oroblem,
this prohlem has recejved an

anoroqriate

command

for
information"

the

and

relate

decicion

is nmot
criticel

the

neeoed hy the commander by a particular time to
intelligence

decision."(17).

the

of EEI to C3 systems and oresent a methodology

for unmanned aircraft systems.

information

As

requirements for
The mechanics of

location to

such,

amount of

will

[~ particular this information flow prohlem

s Situations.

the oroblem of who needs what
as durirg crisis,

one

command and

accurate.

._.l‘..v,\

limited

also

not be

has

after=the=fact

On the

tnformation during

war,

demands

control is

and

timely
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information on whigh

not evidant in deagsseribhina C3 systems however, is what

of savailarle informatiaon are
decisions or what ievels of

timeliness are really necesssry. This is of

concern since C35 gystems are, by

driven. As such, the fundamental criticisms for

nf thegse C3 descrioticns are the assumptioms that:

1« ¢the elements of information reautred by the

decision maker at each aechelon of C2 toe handle the

particular condition, as well as handle a transition

to anmother conaitionn, are known, and

2. the essential information is available within the

requirea time frame,

To assume the existence of sufficient and

immediately availabhle data for decision making is a common

pitfall, In spite: of the fact that soohisticatea sensor

systems arm in existence tnday; there i8S no quarantee that

the EEI needed for a critical decision are available.

A sirtyation can exist in which there s absolutely no

essential information available, or, no way of getting it

within a reasonaple time frame. A more likely situation,

however, qiven current technoloay, 1is one where the

information is8 available somewhere in some form, but is not

immediate)ly available to the commander.,

a4

dacisions cean te based, Wwhat §g often

types
truly aQermane to what
information, orecision or
carticular
design, {ntormation

many
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Technolonical advances in sensor and

communications systems hgve develooed to the point where o

[P -S  Su ey

(at

. command daegci18ion maver can be inundated with fncomimg facts

LA bt 4

and statistics, 30 that the "ecision orocess is impeded

P
.
VTN

rather than ai-ded. fechnoloay has provided the means for
developing hosts of sensor systems, each generally

capatle of contrituting something to the Jdecision task at

FRRPPRIRIII™ + RN A )

hand, Determining the minimym EF1I needed by the

ke

decision maker eliminates mron=essential information and
orovides a means of determining the critica! needs

; tor new unmanned aircraft sensor/communications systems

it s s s Pt a1

developments,

e

One tecnmiaue for determining EEl is a logic tree

that starts witn a neneri¢c statement of the mission and

.
Lo adMin

. the command level chosen. From this statement, a set of

Minimum Fssential Functional Tagsks (MEFTs) must be

oevelocea that describes the actions or procedures for

T

the cormana level and assioned mission. Each MEFT can
then be loqical{y’ sutdivided into more definitive
subtasks. The orocess must be continued until a task

element level occurs such that the task reached is limited

to one snecific subjeet which calls for only one specific

v, el s il R i o 1 € i i Ll Bt i i sie vt

action,

) Wwhen the MEFTs correctly represent the minimum=
functional tasks, and the factor analysis is properly
carried out, the opieces of information may then be

considered EEI. Because EEI are develooed from MEFTs, the

48
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need for care in detinimg the MEFTs 19 obvious. 1¢
MEF s are not essential to the migsion, the resulting
factoreqd information will rontain irrelevant or

redundant elemants,

The factering orocess can be viewed as s
phased develooment, & minimur of three phages would be
required to fully develoo unmanned aircraft EEL.
Fowever, the methndoloqv pronosed ty this thesis goes
beyond simply @aevelooina the EEI. The methodnlogy is
extended in order tro orovide connectivity to the agescription

of nther interfaces in C7 sysatems. The orocosed ohased

acnroach is described helow:?

1. Phase |

The first ohase consistes of king the subtasks under
each MEFT and eqgsentially asking the qQuestion, "what is the
minimur information reauired” to answer the subtask, For
broad subtasks, tnis would re t in a3 reauirement to
turther subhdivide unril a soacific auestion level or basic
task element is identified, These are in turn factored down
to nasic information elements. The end voint for any given
factorino chain is nne or more data elements, the EEI,

Factorinao all subtasks under all MEFTs would result in &
series of factorima chains. Each chain must be develooed
independantly in order to gain insight into the reaquirement

tor {individual rata elements. The factoring chains muyst be

46
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reviewed to determime cammonality fn requirements for the

same Jata elemants,

2. Phase II]

Given the EEI, Phase II is anmn evaluation of the
auestinns:; 1) How accurately must the EE]l be known, 2) How
timely (from aevent to commander) should the delivery of
the EFI ve and 3) How often should the EE!l be wuodated

or revalijated ?

3. Phage II]1

The third onase entails consideration of how marvy EEI in
total there miah*t bhe qQiver in a real world woOrste=case
migsion, This ohase would involve taking the number of EEI
ocer force el ment, target or event in the actual sitvation

anticioaten,
4, Phase [V
Phase IV ie the imitial validotion of the factoring

process. Omne way to use and test the EEl is to place them

in an aoormoriate conmand level invonlved with najor

.0oergtional exercises or war games. The operational

exercise or war qgame teraining should cover all theaters of

operation for all conditinns of readiness and states of
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trangition, 1+ the FEI were developed for 8 corps
commnander, then that commander wouls °  the on'y one who
coula ~e¢cice what informatior i3 needed to accomolish
assinnen missions. The corps com: der is the decision
maker in the war aame exercise and ag such muyst decide what

the EF[ are.
S. Phase V

Umce Phases I=IV have been acconplirshec from the
lowest comrand level to the Mation>»! C.mmard uthority (NCA)
it is necessary to intearate and neiermine what i3 common
and what 1s unrique. The 4942%43 hases at each level can be

.

comhined ann curted? pProcsaures, stsndara operating
procecdures (SCPs), stra cqies ana doctrine car be developed
to interface and oroviane ‘or the optimum ytilization of the

EET.
6. Pmase VI

A tinal pnase could te one which would proviace for
EE] integration with allied forces imn NATO, This phase
would require alditional analysis and would probably
oenerate a new ser of FEE] based uoon new mission
requirements and intartfaces.

The entire process i8 not as difficult as it mayv seem

at first 9lance. Most ynits have some general concept of

48
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their poarticular EET, bur they may or may not use or
valinate the EEI, Considmarable tima anqg effort {s soent
on ravelnninn menels anc war aames throuqhout the
milicary., orivate industry, and tne academie community,
What would be needed tn syatematically determine EEI for
unmanned afircratte is orchestration, The oromulqetion

of service compatible quidelines, oocals and objectives

woulg ne necessary. Proagress would have to be
measyred, The result of such effort could have far
reaching 1implications for the following?

1. evaluatina the collection capabilities supporting

the commanaer,
. Siz2ina Automated Information Handgling Systems,

3. orioritizing Information Flow in Capacity Limited

Commynications Chanmels nor Message Centers,
4, modelinmy a specific C3 system or systems, and

S. developorent prooosals for C3 systems and related

svstems.

If a structured analysis like factoring was performed
the ability to understand and determine reauirements
for uﬁmanned aircraft C3 systems and oroblems would be
enhanceqd. The information needs of the wunmanned

aircraft C3 system would be made exnlicit and hence SsSubject

49
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to eritieiam amad {morovaeamant,
&n  fllustration ot the methndoloay is contained

in Appoeancdix A,
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CHASTER V. SUMHARY AND CONCLUSIQNS
A, SUMMARY
In comparisnn with manne aircratt, tactical

remotely opiloted aircraft are exoected to oOroduce the

followina advanmtaaes (as orevionusly described):?

1. a remotely niloted aircraft could attack much closer in,

2. ~would oresent much less target area to defending AAA and
SA\’,S' .

3. could delay weaoon release until. very ¢lose (and very
sure),

a, could deliver ordnance directly to the target, and

Se

would sianificantly redyce any risk of pilot loss.

To enmsure a successfuyl RPA

oroaram the following
are reauired:?

1. Towest possible cost of ownerghip,

e simole in concent,

3. no hiah=risk technmology.

Warssw pact Farces will be led and employed according

to Soviat onerational doectrine which calls f‘or

offensive operatinng with highly mobile, deeply echeloned.,
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arnd  numericaliy superior lang forces, supported bty aier and
$ea pcwer, Terrain and viginility costruction (such as fog,
smove, aarkness, Advarse weather, etc.) will gererslly
limit qground oduservers ta 3 range of 3=S kilodééers beyond
the FLOT for obnservatinn and i{dentification of hostile
torces.

Thig magssive mnamy threat indicates a reauirement that
the maximyum nurber of forces be detected, identified,
ann destroven nrine to engaqging friendly forces.
Destruction of enemv forces can be accomolished with
artillery, attacx heliconters, ana close air syoport, If
those taraets can he identified and located with sufficient

accuracy for timelv tarqgetina,

The RPA could helo overcome onerational deficiencies
by orovidina the maneyver commander and fire
supoort cooardinator wWith real=time combat information,
accurate tara;t location, ana an observea target
ennagement catability neyond the around lire of
sight. SuchH information will enable more timely

revositionina of forces, more effective utilization of
conventional mynitions., and provide a means of target
selection and desianation for oprecision quided muniticns
{PG1g) not currently avafilable to tne ground forces, without

subjecting mannea airzraft to the very formidable air

defense threat.

B8, CONCLUSIONS
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The RPA gvstem must contain a jam

"L and communications

- reconnaissance and target.acou}sitten-assbtfl

At the discretion of the qround force commander, the

enemy forces may be keot under observation utilizing

the R°PA, takenm uynder conventional artillery fire,

angaged by TaC Air, or be designated for attacy by

PGMs, if so equioped.

resistant data Jink

interface with information systems

for tactical command and fire control,

An RPA gystem with a3 real=time Jata

include relav/retransmicsion) capability can ouercome

line of siaht and range l)mitations fmoosed on ‘grou~d

sangors in meeting the commander's nead ﬁbr’ 8

v

S - L. TR 3
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The RPA can orovide 1moroued ooera\ional‘ef‘ewtiveneswr

. . yr

by aiving the qround-:ommander an “dver tﬁs h1ll“’lock

anqdg taraet enqQagArment 'can&otltty not cuﬁrengl[

oossessed, hy materially inzreasing the

intelliaance and combat informatfon gathering

capabilityv. : 4 "

RPA systems can;qignificantly Jecsrcace . noncrodustive

amnunstton expenditurvs hy oraoviding ‘tgrgef Tocation .

anad burst CorrectiOn

suffi,ciant accuracy to allow suopo~tyng

fire ‘for vttact after minimai ad]uotmént.
\

NATO Atr Oofense enﬁ [T s, A‘r

Interoderat.ility with
83 - ‘ g

transmission (to -

realetime -

1nfarmet\on that woul orovide ”

artilléry to
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Nefense must be insured for develooing RPA systems.

Ine Vietnam exoerience has been uodated by more
recant Israels apnlications of U. S. tactics and
eguioment to more densely deployed and modern defenses in
the Yjidale~East in October of 1973, U. 8. superiority in
air crew capahilities and more soohisticated

otfense-ariented weanoms ang tactics are probably offset to

some extent by oreater Soviet emphasis on Qroundeto-air
defense, escecially in Central Eurnpe. Soviet measures such
as sensor redundancy. freaquency, diversity, mooility,
hocdness, ‘emission ‘control, ;nd ‘sheer numpers limit the
. eftects of most fonms'of detense suporession. The Soviets
_are  3)s39 ;-:oactod to have suoen!or intell‘qence of U. - S,
1and HATQ cffpnstve and defensive systems. ‘ COMbining the
‘deantaop$”of‘takvnq the anvtvative anﬁ.bi L tiaght security

5 § : ., <

witﬁ. : qud \h~§ht€|]10ﬁnce . offers ghe‘:. Soviete

' .

onrortunittes for both tactv s 4l end te¢hnica' surorlﬁe.

Nhatever dOCtrvnesl ﬂctICSu and hardware _thé U. S.
intenca tp use for cetense suocrassion in Europe will have

to berdeveIODgu and heA' current in the theater when
hostilities:"becin.'»Cgmmanders can adapt quickly to counter
éﬁevy'initiqfive; if training has anticioated the need to
react ouicfrf, ,Eo the unexcected. Therefore, {f KPA aste
to by added to the gefense arsenal of the United Stctes,
the Aevelnoment of khsse assets ﬁhéuld‘ﬁot.beqin after

Vit

the (ﬁntiatfnn of haqtitittes. The dacision whetrer or ndt
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these RPA wili berome opart of the United States defense

arsenal must oef made NOw.
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APPENDIX A = C! REAUIREMENTS FOR UNMANNED AIRCRAFT

The genreric elements ana/ar functions of a
military wunmanned c3 system f(at whatever level of
command) can be develooed in two ways.[(18). Une {8 to
tocus on the coanitive ¢functions of the "commander,”
(the term “commander” representing a sinale person orF the
commznder olus staft at any level of the command
structure.) The second is litepallv tq list the activities
that  must be nc60molished in each of the four major

functions which make uo Lthe commana=control function==<-

inflow of intormation, staff supoort/formulation cf
decision/issuance of orders, and tecknical machine
suoport of information orocessingy starage, .and

comrunication.
Consider the followimng 1list that may be part of
the co Yitive functiuns of the commander when assigned

military mi33i10nS.

t. Perceotion of the mission and:

a) the internal well=being of the
oraanization? :

h) threats to the arganization;
c) capabilities of the organization to act
within the existing environment at each

moment in time;

d) respanse of the organization (both
expected and actual) to direction given,

2. Decision=makina in an envirunnent ‘ounded by?

RSPc AT N
. o R A )
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a) time constraints}
b)) . tradifiowal resoonse npatterns;

(i

"&) histarical analcoias to current situation;

1) oraanizational motives and qoals;

e) perception as sat forth in time
consrraintse,.

1
.1

3. Direction=qgiving which is bounrded bv:?

3) limitations inherent in human
canmymication;

d) osraarizational reception capabilities and
pcatterns;

¢) oraanizatioral caocabilities at each point
in rima,

"The list of activities for the major function 1ist

u?;h.nd.;&LLl»"‘_i I Sl it 0 s R '

of iteme pertaining to the generic component elements

~

PPRIVRCT T 2 HINUE SN GO

nf urnurned aircraft command-=control are the following:

l; [nflow of Information
a. Statewent of reauirements fcr information
(1) to int2llicence units
(a) 2t hiaker levels of command

{b) at units subordinate to this
tevel ot cohmand

(2) to subordinate oocorational units

(3) t> scjacent or cooperating operatiorsl
unitcs

b. Informarion on own forces

fl1) s(atus of subardinate c¢ombat and
’ service elements

(2) status of adjescent and cooperating

sS7




C.

units
{3) status of octential reserves

(4) reporting reqQuirements~-=basic, as
modified by combat/crisis situation

(a) oeriodicity
(b) format

(¢c) content/type and detail of data
nesdea

Information on the enemy

(t)y from subordinate intelligence and
oocerational units:?

(2) from intel)igence units of higher
headauarters

(a) from all available sensors/gsources
ohotint, comint, humint, etint,
radint’

(c) ar all levals, command target
sensors, recce, and surveillance
systems that are survivable/robust
in terms of foresean combat
environment

(3) reporting on enemy cacabilities,
movement location, communication
securitys ECM and radar czpabilities

(4) reporting requirements~==hasic, as
modified by comba*r/¢crisis

{a) oeriodicity

(b) content/type and detail of data
needed

(c) format

{(5) functions to be oerformed by total
intelligence oprocess at each command
isvel, with sophisticaxion and
completenass dependent on size ana
cavability of staff available

(a) collecrion

58
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2.

(r) processing
(c) analvsis
(d) reporting
(1) to commander
(2) to subordinate units

(3) to adjacent/cooperating
operational elements

(4) to hiakher headauarters

(3) security of process and output

Staftf Functions in Suoport of Unmanned Aircraft
Command=~Control

a. 0Operations

()

(2)

review incoming information===own and
enemy forces; environmeny

recort on current status

ta) to commander
(b) to other staff elements
(¢) by direction of commander, to

higher headquarters to adjacent/
cooeneratina units

disseminate mew orders on approval of
commander

be Planning

(1)
(2)

(3)

(4)

review incoming information===-own and
enemy forces; environment

review current operations to establish
nase for planning future operations

orepare future nlans for operations
(a) at the direction of commander

(b)Y by own initiative

review incoming information===own and

emamy forces? environment

S9
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C. Inteilinence
(1) review incoming intelligence information
(2) collatyon

(3) analysgis/estimating of implications of
new itnformation

4) reoort preparation/briefing
(a) to the commander
(n) to other statf elements
(c) by direction of commanmder, to
hiagher headquarters ang te
adjacent/cooperating units
(5) based on regquests ferom commander,
other staff elements, and cwn
initiative oprepare requirements for
information collection

3. Commander/Decision=maker

a. Suproorted by actions of staff and
technical services

(1) on basis of commander's stated
. requirements (format, periodicity,
detail of content, manner of

oresentation, pbresentation aias, etc.,)
and staff initiative, kept current on?

_(a) intelligence of enemy
(b) own force onerations/capabilities

(c) ootential new operations/plans

(2) on own initiative, commander maintains
personal communications with
suborainate commander, pdjacent
commanders, and higher headquarter
commariders

b. Initiate activity by operations/planning
staffs

(1) oreocare orders for change 1r cucrrent
oocerations

60




S g ey o v e n T B

(2) olan tor subsequent stages of
operations

c. Initiate activity by intelligence staff
(1) to improve oOoerations ,5

(2) to gain new information

d. 1lssue orders fer change in new operations

(1) . on tasis of orders from nigher
headquarters : )

(2) on own initiative, but with gporoval
of hinter headauarters as requijred

e, Control/maintainm oversiaht of response to
tkis order

(1) by requirements for reporting

(2) by use of reconnaiszance by own staff
members

4, Techmical Suocoart

a. communications=-=adequate “‘unmctioning of
communications network in - combat
environment. Network of fecilities
connectinag subject cormand with higher and
suborninate hgsadauarters, Facilities must

i i

be:

1) adequate tn foreceen information flow
(e secure and/or jam resistart

(3) accurate in trangmitting information
1) syrvivable/rcbuyst in combat

2nvironment foreéseen
b. computer supnoOrt
(1) information handling

(2) decision ayas

fhe above listed items are by no means a8 complete

analysis and were offered only a5 an illustration ¢f the

o1
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methodoloay and a ooint ftrem which the cdevelopment of

o mi s

unmannad atreratt €3 reauirements could be refined after
several iteratinng of the nhated process. [f a structured

analysis K continued wusing the phased sporoseh the

el et Mt a8

information needs of the RPA (3 syestem will hecome

explicit an- hence subject to criticism and

irTorovement,
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APPENDIX B « UNVMANNED AIRCRAFT SYSTEM COST EFFECTIVENESS

An excellent cost effectiveness study (19) of
potential rerotely oiloten atrcraft (RPA) miscions
yieldea the following conclusionat "Manned aircraft with
uynquided bombs may be ecceptable tor undefended
terqets, but result in axtremely high mission costs and crew
1osses for operation anainst heavily defended targets.
with laser=quided bombs, mannede-system cost-effectiveness is
mueh improved, but air crew losses cue to high attrition
At the Close«in deasianator aircraft moy be unacceptable for
heavily detended taragets. Use of small, reusable RPA
taraet desiamators to reolace the manned designator for
delivery of laser=ayiced bombs eliminates “he low
¢cremw sSurvivaoility levels of the manned designator, and
further reduces mission cost by a factor of four
in stronq-defense environments, An exmendable air-
launched KPA ~esiamrator has the same effect on air crew
survivabhility:, but - mission cost is about a factor of two
or tnree highar, even thouah RPA  launch and recovery
field operatiomn are aliminated. An. RPA delivering laser-
quidea bomhs has tha lowest operational cost of all
systems evaluated and perfarmg its mission without risk to a
creaw, althouahr field ocerations are complicated by
additional comrand and control launch: and recovery
functions. Am  alternative to RPA is the wuyse of the

gtand~off missiles on manned aircraft with mission costs

63
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fifteam tn twentyefive times areater than RPA} there is some

rigk to the air crews, but it is at the lowest level of all

. manned systems studied, Stand=oft missiles are also

bombs at hiah defemsive attrition levels. KPA delivering

unauived bhombs are nat competitive with manned sircraft at
low gefensiva attrition; nor with RPA with laser=quided

bembha: however, they are more cost-effective tham manned

atrcraft with unmauidead bombs above an attrition level of
0.003S, RFA deliverima stamd=off migsiles do not offer any

coat advantage over manned aircraft delivery systemg,"
"A gmall reucable FPA tarqet designator eauipped with
a laser tn mark the target is an attractive and
versatile system ana can Dbpe used with a number of
. . different | aser=directed _weapon delivery systems to
orovide low mission costs and insensgitivity to
defensive caocanility, Use of a Boeing 747 =type aircraft as

a carrier and olatforn for delivery of long=rarge laser-

i
t ‘ competitive in cost with manmed delivery of lasere=quided
E
¥
E
9

nuiacea weaocons coerating with a RPA target designator offers

[ a oarticularly versatile and cost~effective system,"

S

“In general, RPA missions will conrncern strike using
lagser desianation and multiple weapon delivery, To

perform gyuch missions, the RPA will be quidad by automatic

TR AP S, .,

\ means through portians of the scenariyu with the human
onerato~ Servima as a monitor and proviaging instructions by
mission ©Ohase with cverrios capability for menval control

only as this acpears to he reauired by the particularities

L
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of the situation, Migaions with otheer fntent will also
depend unon stanificent lavaels of aytomation altnouah
the carticular trajeott between onboard comrputation and

compytation at the control site remains to be determined,"

g Vi Lol
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